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Cognitive flexibility is an executive function that refers to the ability to alter behavior according 
to changes in one’s environment. While adolescents with a history of binge drinking have been 
shown to differ cognitively from abstinent adolescents, the long-term effects of adolescent 
alcohol exposure are largely unknown. We hypothesized that adolescent intermittent ethanol 
(AIE) exposed rats would demonstrate decreased cognitive flexibility in comparison to control 
rats. Specifically, we tested the reversal learning and set shifting ability of 80 Sprague-Dawley 
rats with an attentional set-shifting digging task. Our results demonstrated impaired reversal 
learning and set shifting abilities in AIE subjects, specifically in the second reversal. To improve 
the standardization of this method and further explore the long-term impact of adolescent alcohol 
exposure, we adapted this reversal learning protocol to an automated, operant chamber-based 
task. A cue was used to indicate the correct lever, and a reward was delivered if this lever was 
pressed. Two studies were performed, one used lights as cues and the other used tones. The rats 
underwent a training period to become accustomed to the box and learn the stimulus-reward 
associations. We found that most of the rats were able to complete the training days but were not 
able to reliably discriminate between the light stimuli. Subsequently, when tones were used as 
stimuli instead of lights, rats progressed through training faster, suggesting that tones are a more 
effective stimulus than lights. We conclude that our training criteria is attainable, but factors such 
as reward size, number of test sessions and trial criteria must be adjusted to improve acquisition 
performance. If acquisition performance is improved, an automated operant chamber protocol 





Adolescence is the transitional period that begins at age 12 and continues into the mid-
20s during which many important developmental processes occur, particularly neural, 
physiological, and cognitive changes in the brain [1]. Many of these changes that occur are easily 
affected by alcohol exposure. In 2016, 19% of youth aged 12 to 20 years in the United States 
reported drinking alcohol, and 12% reported binge drinking in the past 30 days [2]. Binge 
drinking is defined as the consumption of four or more alcoholic beverages in females and five 
or more alcoholic beverages in males within a two-hour period and is a highly prevalent behavior 
among adolescents who drink alcohol [3]. Adolescents with a history of binge drinking have 
been shown to differ cognitively from abstinent adolescents, demonstrating shorter attention 
span, poorer memory, and riskier decision-making, which could potentially cause them to drink 
more [4]. While these differences have been studied in adolescent humans, the long-term effects 
of adolescent alcohol exposure are difficult to study and largely unknown.   
Studies have shown that alcohol-exposed rats are an effective model of adolescent 
alcohol exposure, and the use of rats as a model enables the study of the lasting impact of 
adolescent alcohol exposure [5]. Similar to humans, studies in rats have shown that adolescent 
alcohol exposure results in cognitive and behavioral changes, such as increases impulsivity, 
anxiety, and risk-taking. Binge drinking is modeled in rats through adolescent intermittent 
ethanol (AIE) exposure. Ethanol (5 g/kg) was administered on a 2-days-on/2-days-off schedule, 
raising blood alcohol concentrations to 230 mg/dl 60 min after administration, which is well into 
the binge-drinking range (greater than or equal to 80mg%) [6]. While studies on AIE-exposed 
rats have not shown a significant impact on initial learning and memory of simple tasks, 
differences have been noted in cognitive flexibility, or the ability to adapt to and learn new 
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conditions in the environment, between AIE-exposed and control rats [7].  The alterations in 
behavior seen with alcohol exposure are thought to be driven, in part, by impairment of the 
orbitofrontal cortex (OFC). The OFC is a prefrontal cortex region that is important for decision-
making and cognitive ability; it works by communicating with the nucleus accumbens and 
ventral tegmental area (VTA), which act as the brain’s reward system [8]. Impairment to the 
OFC causes limitations of the brain’s ability to flexibly make decisions in order to receive a 
reward.  
In this study, we aimed to develop a novel protocol to test the effect of AIE exposure on 
adult rats’ cognitive flexibility by adapting a stimulus-response (S-R) association digging task to 
an automated operant box. In the digging task, AIE-exposed rats were taught to associate a 
reward with a particular odor (e.g., vanilla). The odor associated with the reward was then 
switched in a reversal, and the rats’ ability to learn the new associated odor (e.g., cinnamon) was 
measured and compared to the performance of water-exposed rats as a control. The subjects then 
underwent a second reversal (switched back to original contingency). After reaching criterion for 
the second reversal, the type of stimulus was changed, and instead of learning to pair the reward 
with odor, the rats had to associate the reward with a type of digging material (e.g., gravel versus 
sand), in a process known as a set-shift. Performance was measured as the total number of trials 
and number of errors made before reaching criterion. We expected an increase in time and 
number of errors made during reversal learning, in addition to impaired set-shift performance in 
AIE exposed rats compared to the control rats, indicating impaired behavioral flexibility. The 
results demonstrated behavioral flexibility impairment with AIE-exposure in both the first and 
second reversals, especially in AIE-exposed females. 
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After completing the digging task, we aimed to develop a more standardized and efficient 
method of testing cognitive flexibility. We designed a novel study, using an automated operant 
box to improve the quality of results. Automated behavioral tasks have been shown to have 
advantages over non-automated tasks, particularly in terms of higher rate of data collection, 
increased standardization with computer control and simultaneous animal testing [9]. Operant 
testing would also allow synchronization to neural measurement. We adapted both the protocol 
from the digging task and the protocol from an operant model by Floresco [9] to the operant box, 
using intermittent and solid lights as cues that were paired with the left or right lever. If the lever 
paired with the indicated cue was pressed, the rat received a reward. Once the association was 
learned, the association between cue and lever was switched and we measured the rat’s ability to 
learn the new association. While the rats were able to complete the pre-training phase of this 
protocol, they were unable to adequately discriminate between the light stimuli in order to get the 
reward more often than chance.  
To improve the rats’ ability to learn the association, we adapted the study using different 
stimuli. Due to rats’ poor vision, we used constant and intermittent tones as cues instead of 
lights, with the goal of using a stimulus that was more sensible to the rats. All other aspects of 
the protocol remained consistent. We hypothesized that with a different, the rats would progress 
faster through training and successfully complete acquisition. The new group of rats did 
complete training faster, but did not demonstrate improved performance in acquisition.  
Materials and Methods 
I. Attentional Set-Shifting Digging Task 
I was part of a team that ran this experiment and I wrote these results as part of the requirements 
for my 395 credit.  
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Subjects	
Sprague-Dawley male and female rats (n=80) were bred at the University of North Carolina at 
Chapel Hill and maintained under 12-hour light/dark cycles, lights on from 07:00. Animals were 
exposed to 5 g/kg of ethanol or equivalent volume of water as a control on a 2-days-on/2-days-
off schedule from postnatal day 25 to day 54 [10]. On approximately postnatal day 95 (in 
adulthood), the animals underwent food restriction with water ad libitum for 14 days prior to the 
start of the experimental protocol and weight was maintained at 85% of initial body weight.    
Subjects were pair-housed with a divider at the start of food restriction to control food intake. All 
experimenters handled the animals at least three times during the week leading up to the start of 
behavioral training. The rats were exposed to the reward, cereal (Fruit Loops, Kellogg, Battle 
Creek, MI), the day before the start of protocol to increase familiarity with reward. The 
Institutional Animal Care and Use Committee of the University of North Carolina at Chapel Hill 
approved all procedures.	
Pre-training Protocol	
The attentional set-shifting task chamber was a 71 x 43 cm black plexiglass chamber with two 23 
x 20 cm dish compartments that were separated from the holding area by a removable board. 
Rats were given access to two compartments in the testing area, each containing a dish. The 
behavioral protocol, listed in Table 1, is adapted from Birrell and Brown [11]. 	
For phases 1-3 of pre-training protocol, both dishes contained a reward (one quarter of a 
Kellogg’s fruit loop). The removal of the separation board signified the start of the trial and 
allowed the rat access to the dish compartments. The trial ended when the rat encountered the 
reward or after 3 minutes. In phases 4 and 5, each dish contained a reward buried in a different 
digging medium, either white (Envigo, Indianapolis, IN, USA) or brown (Comfort Small Animal 
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Bedding, National Geographic, Washington, D.C) paper bedding, introducing the concept of 
digging to the rats. The side of the compartment in which each dish with the different media 
were placed was randomized. 	
Behavioral Testing Protocol	
In phase 6, two odors (out of vanilla, coconut, paprika, or cinnamon) were introduced in each of 
the dish media and were the relevant stimulus in indicating the reward. One was randomly 
assigned as the “correct” odor. The two dishes contained different odors and digging media, and 
the reward was buried in the dish containing the “correct” odor. The combination of odor and 
media was randomized after each trial. We recorded the latency period, or the time it took a rat to 
make a choice, and whether the rat chose the correct or incorrect dish. A choice was defined as 
the initiation of digging with either their nose or paws. When the rat made six correct choices in 
a row, we considered the stimulus-reward association learned (acquisition). 	
In phase 7, the reward was associated with the same odor as the previous phase until the rat made 
six correct choices in a row to reinforce the learned association (reacquisition). The “correct” 
odor was then switched (Reversal 1), and the latencies and number of choices it took for the rat 
to learn the new stimulus-response (S-R) association were recorded. 	
In phase 8, the rat underwent a reacquisition period with the learned S-R association from phase 
seven, and when the animal reached criterion, the “correct” odor was reversed back to the 
original (Reversal 2). 	
In phase 9, after undergoing phase 8 reacquisition, the rat underwent a set shift, in which both 
types of media and odors were replaced with novel media and odors and the media were used as 
the relevant stimulus. The novel media used were pebbles and sand (Imagitarium Aquatic 
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Substrate, International Pet Supplies and Distribution Inc., San Diego, CA) and the odors were 
the two scents not previously used for that rat. 	




Data from the reversal learning task in AIE subjects (n=18 females; n=19 males) were compared 
to data from control subjects (n=22 females; n=20 males) to assess differences in cognitive 
flexibility. The number of trials to criterion and active errors (errors that were not omissions) 
were compared across exposure and sex. Errors were categorized into prepotent (incorrect 
choices made before a correct choice was made) and regressive errors (incorrect choices made 
after a correct choice was made). Regressive errors were further categorized into initial 
regressive errors (an error immediately after a reinforced correct response) and subsequent 
regressive errors (a regressive error made after a previous error). We first ran a 2-way ANOVA 
with both sex and exposure as the variable to analyze differences between the groups; however, 
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the data were not normally distributed, so we used a generalized linear model with a Poisson 
distribution to determine statistical differences (p < 0.05).  	
II. Operant Task with Lights 	
The operant task was my project, and the primary focus of my research was designing and 
running this protocol. 
Subjects	
Adult Sprague-Dawley male and female rats (n=12) were shipped from Envigo (Indianapolis, IN, 
USA) and maintained under 12-hour light/dark cycles, lights on at 07:00. Similar to the digging 
task, the animals underwent food restriction for 14 days prior to the start of the experimental 
protocol and were pair-housed with a divider once they began food restriction. The weight of the 
rats was maintained at 85% of their original body weight. They were handled at least three times 
by all experimenters in the week leading up to training. The Institutional Animal Care and Use 
Committee of the University of North Carolina at Chapel Hill approved all procedures.	
Equipment	
We used an operant chamber with two retractable levers, two stimulus lights, a reward dispenser 
and a speaker to produce tones. A program was designed specifically for our behavior protocol 
by Dr. Carol Dannenhoffer, using MED-PC software. At the start of training, each animal was 
assigned an operant box and was tested in the same box throughout the study. We ran the rats on 
a 5-day on, 2-days off schedule. 	
Pretraining Protocol 	
Operant behavior protocol is detailed in Table 2 (adapted from Floresco [9]). At the start of 
experimental protocol, the rats underwent four phases of training to become accustomed to the 
operant box and learn the S-R association. In phase 1, the rats were trained to a fixed-ratio (FR)-
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1, meaning that one lever press resulted in one reward delivery. Both levers were extended the 
full session, and the session ended when the rat reached the criterion of 50 rewards or after 45 
minutes, whichever came first. After two consecutive days of reaching criterion, the rat 
proceeded to phase 2. Most rats demonstrated a lever preference in phase 1 (oftentimes the left 
lever, potentially because it was further from the box opening, and therefore, the experimenter). 
To counteract these lever preferences, we only extended the less preferred lever for the first 
session in phase two. When the rat reached the criterion of 50 rewards, the extended lever was 
switched for the following session. This alternating phase continued until the subjects completed 
five sessions of achieving criterion. In phase 3, the rats were introduced to retractable levers and 
a time limit on their choice; levers extended and retracted after ten seconds if a decision was not 
made. Criterion was reached when the rat had less than five omissions. After two consecutive 
days of reaching criterion on phase 3, the rats were introduced to the signal-reward association in 
phase 4. We used lights as cues, with a solid light indicating the left lever and an intermittent 
light indicating the right lever. A cue was given with only the “correct” lever extended, 
facilitating the association between cue, lever press and reward. Similar to phase three, criterion 
was reached when the rat completed the session with fewer than five omissions. The subjects 








Table 2. Operant chamber task order. 
	
Behavioral Testing Protocol 	
We designed the behavioral testing protocol by adapting the digging task protocol to the operant 
chamber. We measured the ability of the subjects to learn the association between the stimulus 
and the “correct” lever by taking the percentage of correct choices they made. We considered an 
S-R association as learned when 70% or more of the rat’s choices were correct. During the 
acquisition phase of behavioral testing, the rats were exposed to the same pairing as phase four 
of training, with solid and intermittent lights indicating the left and right levers, respectively. 
However, both levers were extended so the rat could make a choice. When a rat reached 85% 
correct, the following session they underwent a reacquisition period of 20 trials and then we 
performed the first reversal with the solid light now signaling the right lever was correct. While 
no rats achieved criterion on the first reversal within our 60-session testing period, our plan was 
to continue with a second reversal if criterion was reached. If the second reversal was learned, 
we would have performed a set shift with constant or intermittent tones signaling the correct 
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lever instead of lights. We recorded the errors made and the number of sessions it took the rats to 
learn the S-R associations during acquisition phase and the first reversal.   
Table 3. Operant behavior protocol for experiment II. 
	
III. Operant Task with Tones	
The subjects, equipment and training period for the revised operant task were the same as the 
original operant task (Experiment II). Cameras were added to the operant chambers to view the 
rats’ activity within the chamber. Tones were used as cues, instead of lights. For the acquisition 
period, a constant tone indicated the left lever was correct, while an intermittent tone indicated 
the right lever was correct. The criterion for behavioral testing was kept at 70%. 	
Results	
I. Digging task Demonstrates Reversal Learning Impairment in AIE-Exposed Females	
Data analyzed from the digging task demonstrated impaired reversal learning in AIE 
subjects (n=18 females; n=19 males) compared to control subjects (n=22 females; n=20 males). 
The number of trials to criterion (Fig. 1) and active errors (Fig. 2) were compared across 
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exposure and sex. Active errors were categorized (Fig. 4) into prepotent and regressive errors, 
with further categorization of regressive errors into initial regressive errors and subsequent 
regressive errors.	
There were no significant differences between the number of total trials or errors 
committed in the acquisition phase, demonstrating similar ability between the two groups to 
learn the S-R association (Fig. 1A, 2A). In the first reversal, we tested the ability of the subjects 
to switch the discrimination and associate the cue that was previously “incorrect” with the 
reward. While there were no differences in the number of trials or total number of errors in the 
first reversal, AIE subjects committed more prepotent errors than control subjects (p < 0.05) 
(Fig. 3A). Overall, cognitive flexibility was slightly impaired in the first reversal, in that AIE 
animals had a harder time shifting behavior after not receiving a reward, as they continued to 
choose the original odor even though it was no longer rewarded. 	
We then assessed performance during the second reversal, when the S-R association 
switched back to the initial association. AIE-exposed animals made more errors (p < 0.05) and 
took significantly more trials to reacquire the previous day rule than control animals (p < 0.05), 
indicating decreased ability to remember previously learned associations (Fig 1C, 2C). In the 
second reversal, there was a main effect of sex in trials to reach criterion (p < 0.05) (Fig 1C). 
AIE rats made more active errors to than control animals (p < 0.05) and there was a main effect 
of sex in active errors made in the second reversal (p < 0.05) (Fig 2C). When categorizing active 
errors, AIE exposed animals committed significantly more prepotent errors than control animals 
(p < 0.05) and there was a main effect of sex in prepotent errors (p < 0.05) (Fig 3A). 
Additionally, AIE exposed animals committed more regressive errors, with a significant 
difference in both initial and subsequent regressive errors (p < 0.05) (Fig 3B-D). There was a 
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main effect of sex in both initial regressive errors (p < 0.05) and subsequent regressive errors (p 
< 0.05) (Fig 4A-D). Overall, while AIE rats did not take significantly more trials to reach 
criterion than control rats, they demonstrated impaired performance with significantly more 
prepotent and regressive errors committed in comparison to control rats. Female rats also 
demonstrated worse performance than males with more trials to reach criterion and more errors 
made in the second reversal.	
In the set shift, the association was changed from odor-reward and digging media-reward 
and novel stimuli were used for both odors and media. There was no significant difference in the 
number of trials to reach criterion. However, there was a main effect of exposure across all 
groups with the number of active errors made (p < 0.05), although the number of errors were low 
(Fig 1D, 2D). Given the minimal deficits seen in set shift relative to reversals, the rats 
demonstrate increased ability to learn a new association in comparison to overriding previously 
learned associations. The minimal deficits seen in set shift are similar to the results from the 
acquisition, supporting the ability of subjects to learn a new association with little difficulty.  
These results demonstrate an impairment in reversal learning ability in AIE exposed rats. 
The comparison of mean number of trials and active errors enables an analysis of general 
performance across groups, while the categorization of errors allows an examination of specific 
areas of impairment. 	
II. Animals unable to learn operant discrimination with light or tone cues  
We adapted the principles of the digging task to an automated operant box, creating a 
similar task in a different manner. Due to the complexity of the operant reversal task and the 
limitations on cues, we placed more emphasis on the pre-training period of the operant box 
protocol to better prepare the subjects for the acquisition phase. To analyze the rats’ performance 
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and ability, we compared their progress through training phases and improvement over various 
sessions. 	
The first cohort (n=12; six females and six males) underwent a four-phase pre-training 
protocol and required between 17 and 59 days to complete training phases 1-4, with one rat 
failing to complete phase 3 of the protocol. The second cohort (n=12; F=6, M=6) underwent a 
similar four phase pre-training protocol with tones as cues instead of lights. They required 
between 16 and 31 days to reach acquisition (phase 5) with all rats completed training phases 1-
4.	
We compared the progress of individual subjects in both cohorts (Fig 4). Subjects 
completed training at varying rates, with all but one subject (Cohort 1 Female 5) completing 
phase 4 of training. Cohort 2 started at a later date, and therefore, received fewer days of testing 
due to the outbreak of COVID-19. We compared average group progression through training 
days and found that, on average, Cohort 2 progressed faster through training than cohort 1, with 
Cohort 2 males progressing the fastest of the four groups (Fig 5). 	
An example of rat learning is shown in Figure 6. Over the course of training, Cohort 1 
subject 11 demonstrated improvement from day 25 to day 47 of acquisition (Fig 6). When 
switched from acquisition to reversal 1, there was a significant decrease in performance, 
indicating that the subject learned the initial S-R association and had a difficult time overriding 
this initial association during the reversal task. From reversal session 1 to reversal session 13, the 
subject demonstrated improved performance, implying a gradual overriding of the initial task 
and learning of the reversal task.  
While few subjects in cohort 1 and no subjects in cohort 2 were able to reach criterion for 
acquisition (phase 5), the data demonstrates an improved performance with tones as cues instead 
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of lights with subjects in cohort 2 progressing through training phases 1-4 faster than those in 
cohort 1. Additionally, the rats demonstrated improvement over the course of the study, even 
though they did not fully complete the protocol. 	
Discussion	
This study used an AIE-exposure model to test the long-term impact of adolescent 
alcohol exposure on reversal learning and set shifting and analyzed the effectiveness of adapting 
this model to an automated operant box. In the digging task, AIE exposure produced 
impairments in reversal learning, as predicted. Specifically, there was significant impairment in 
performance in the second reversal, though impairments were also seen in the first reversal and 
set shift, albeit moderately. There was no significant difference in acquisition and all animals 
were able to learn the initial S-R association, indicating that alcohol exposure does not hinder 
initial learning.	
          Though there was no difference in the number of total trials to reach criterion between the 
groups in reversal 1, AIE-exposed animals committed more prepotent errors. This indicated that 
the rat was not learning from the negative feedback of not getting a reward and took longer to 
change its behavior to obtain a reward. Studies have shown that with an impaired orbitofrontal 
cortex, reversal learning abilities are initially diminished [12]. This correlation between 
decreased OFC function and alcohol consumption is supported by studies showing that 
alcoholics demonstrate less grey/white matter in the OFC and less densely packed neurons [13]. 
Impairment of the OFC is correlated with prepotent and impulsive decision-making, which is 
supported by our results, as AIE-exposed animals made significantly more prepotent errors in the 
first and second reversal than the control group. These findings also match the results of a study 
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on human subjects, which demonstrated that humans with a history of substance use disorder 
made more perseverative errors than control humans [14].  	
During the second reversal, there was a significant impairment in the performance of AIE 
subjects, with AIE-exposed subjects committing more prepotent and regressive errors. While a 
study has shown that though reversal learning abilities are initially inhibited with OFC 
impairment, these deficits improve over time [12], our results demonstrate a decrease in reversal 
learning ability from the first reversal to the second reversal in AIE exposed subjects. However, 
the study was done in OFC-lesioned rats and 4 reversals were tested two days apart instead of 2 
reversals one day apart. These differences could contribute to the difference in observed results. 
With the second reversal, the rat had been exposed to both associations at that point. While both 
reversal 1 and reversal 2 test cognitive flexibility, there could be more errors seen with AIE 
subjects in reversal 2 because the rat was unable to discriminate or “keep track” between the two 
contingencies. AIE subjects made significantly more prepotent and regressive errors in reversal 
2, demonstrating that they were reverting back to the previously learned S-R association after 
both positive and negative feedback. The inability to override familiar S-R associations has been 
associated with continued alcohol abuse [15], and these results suggest that adolescent alcohol 
binge drinking is sufficient to cause that deficit.  	
During the set shift, there was a significant difference in active errors made between AIE-
exposed groups and control groups, but all groups committed relatively few errors. Some studies 
have shown more pronounced set shifting ability impairment in alcohol-dependent humans [16]. 
Studies have also shown that treatment-seeking alcohol-dependent humans have diminished set-
shifting abilities, while non-treatment seeking alcoholics perform similarly to the control group, 
suggesting that only severely dependent alcoholics demonstrate set-shifting deficits [17]. Though 
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participants in this study were current alcohol users while our rats had a long abstinence period, 
it could indicate that the intensity of ethanol exposure in animals impacts the degree of set-
shifting deficits. The effect of varying the intensity of ethanol exposure on cognitive deficits 
should be studied in future experiments. 	
         In summary, our results from the digging task demonstrate a relationship between AIE-
exposure and inhibited reversal learning. AIE-exposed females demonstrated significantly 
diminished reversal learning performance compared to AIE-exposed males. While the total 
number of trials was similar across control and experimental groups in the first reversal and set 
shift, AIE-exposed females made more errors compared to the control group. AIE-exposed 
females made significantly more prepotent errors in the first reversal than the control group and 
more regressive errors in the second reversal and set shift. The results of this study suggest that 
adolescent alcohol exposure does lead to long term cognitive deficits and may be greater in 
males than females. However, more research needs to be done on the effect of degree of alcohol 
exposure and the observed differences between males and females.  	
To further analyze the long-term impact of AIE-exposure on cognitive flexibility, we 
designed a novel automated operant box protocol. Automated operant procedures have been 
shown to increase standardization and efficiency by being computer controlled and allowing 
multiple animals to be run at the same time [8]. Additionally, the computer-controlled data 
recording of operant boxes increases the opportunity for neural analysis, particularly the 
recording of time stamps that could be used to connect changes in neural activity with specific 
aspects of the task. We aimed to create S-R associations and test reversal learning in the operant 
box in a similar manner as in the digging task. Designing a learnable, yet effective task proved to 
be difficult, as we were restricted by feasible stimuli in the operant box. While rats are most 
 19 
sensitive to odor and the subjects demonstrated successful discrimination between different 
odors in the digging task, we weren’t able to use odor as a stimulus in the operant box. We tested 
two different operant protocols, keeping all aspects of the protocol consistent except for the type 
of stimulus. Studies have shown that lights are an effective stimulus in the operant box, but we 
changed the stimulus to tones in the second operant protocol with the expectation that rats would 
be able to discriminate between tones more easily than lights [8].  
Despite the change in stimulus, the operant protocol maintained several aspects that were 
important to the digging task. Specifically, the rats needed to discriminate between 2 kinds of 
light cues or 2 kinds of sound cues. We also added factors to ensure the equipment was 
functional and maintain involvement of the experimenters. The boxes were checked before each 
experiment to confirm that all components were operational and cameras were mounted in the 
boxes to allow observation of the rats while they were being tested. The cameras allowed us to 
further analyze results by looking for factors that may have interfered with the rats’ performance 
and observing causes of omissions. 	
While our training protocol has shown to be achievable (at least through phase 4) by all 
rats except one, changes may be necessary to improve the rats’ ability to learn the S-R 
association. Certain aspects of the task may be too complicated for a rat to learn, such as the 
discrimination between solid and intermittent tones or between directionality of the levers. 
Studies have shown that testing rats towards the end of their light cycle has demonstrated 
optimal performance [8]. While we kept run time consistent across each day, we ran the rats 
earlier in their light cycle (10 AM - 1 PM), so running them later in the day may improve 
performance. Further studies need to be done on improving the rats’ ability to learn the S-R 
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association in the operant box, while maintaining the ability to test reversal learning in a similar 
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Figure 1. Total trials to reach criterion for male and female cohorts. (A) AIE and control subjects completed 
acquisition in a similar number of trials. (B) All groups completed reacquisition 1 (top) and reversal 1 (bottom) in a 
similar number of trials. (C) AIE subjects required more trials to complete reacquisition 2 (top) than control 
subjects. Females required more trials to complete reversal 2 (bottom) than males. (D) All groups completed 







Figure 2. Active errors made before reaching criterion for male and female cohorts. (A) There was a similar number 
of errors made between all groups in acquisition. (B) AIE females made more errors than control females and AIE 
males in the first reacquisition (top). There were no significant differences in errors made across groups in reversal 1 
(bottom). (C) AIE subjects committed more errors in reacquisition 2 (top) than control subjects. AIE subjects and 
females made more errors than controls and males, respectively, in reversal 2 (bottom). (D). There were more errors 




Figure 3. Types of errors made in reversal 1 and 2. (A) AIE subjects made more prepotent errors in reversal 1 (top) 
and reversal 2 (bottom) than control subjects. Females made more prepotent errors than males in reversal 2. AIE 
subjects and females made more total regressive errors (B), initial regressive errors (C), and subsequent regressive 
errors (D) in reversal 2 (bottom) than control subjects and males, respectively. 
	
Figure 4. Number of days it took subjects to complete each training phase with day of training on the x-axis and 
training phase on the y-axis. (A) In cohort 1 all females (left) reached acquisition (phase 5) at varying rates except 
for subject 5. All males (right) reached acquisition (phase 5). Cohort 1 was run for 60 sessions. (B) In Cohort 2 all 
females (left) and males (right) reached acquisition (phase 5). Cohort 2 females were run for 40 sessions and cohort 




Figure 5. Comparison of average progression between groups through training phases. On average, cohort 2 
progressed faster than Cohort 1 to training phase 5.	
	
	
Figure 6. Cumulative correct choices made by one subject (cohort 1, male 5) throughout a session with trial number 
on the x-axis and cumulative correct trials on the y-axis. The subject demonstrated improvement from day 25 to day 
47, but decreased performance on day 48 when the S-R association was reversed. The subject improves performance 
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